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(57) ABSTRACT

A method and apparatus for detecting minority gaseous spe-
cies 1n a mixture by light-emission spectroscopy by means of
an optical spectrometer (8), in which the radiation emaitted by
a plasma (4) present 1n the gas mixture for analysis 1s used
and, 1n the spectrum of the radiation, lines are 1dentified of a
majority gaseous species that present amplitudes that are
sensitive to the presence of a minority species, and informa-
tion about the concentration of a minority gaseous species 18
deduced from the amplitude(s) of the sensitive line(s). This
makes 1t possible to monitor minority gaseous species 1n real
time.

21 Claims, 5 Drawing Sheets
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DETECTING MINORITY GASEOUS SPECIES
BY LIGHT-EMISSION SPECTROSCOPY

BACKGROUND OF THE INVENTION

The present invention relates to detecting gaseous species
in a mixture by light-emission spectroscopy.

In order to detect gaseous species, recourse has already
been made to light-emission spectroscopy, 1n which use 1s
made of the light radiation emitted by a plasma present in the
gas mixture for analysis, the optical spectrum of said radia-
tion emitted by the plasma 1s measured, and the optical spec-
trum 1s analyzed in order to deduce thereirom the presence of
gaseous species 1n the mixture.

The conventional method used for the step of analyzing the

optical spectrum consists 1n viewing the optical spectrum 1n
real time and 1 comparing 1t with spectra published 1n sci-
entific libraries and established for each gaseous species. The
method relies on the fact that each gaseous species generates
light radiation of spectrum that 1s characteristic when 1t
reaches a level of excitation causing 1t to emit light. Scientific
libraries thus contain the light-emission spectra for each gas-
cous species. Each spectrum 1s constituted by a curve plotting
light 1ntensity values as a function of wavelength over the
wavelength range constituting light radiation, 1.e. 1n the ultra-
violet, 1n the visible spectrum, and 1n the infrared. Generally,
the light-emission spectrum of a gaseous species 1s a jagged
curve presenting a large number of peaks or “lines”. Each line
1s characterized by the wavelength and by the intensity of the
light radiation and/or wavelength.
In known apparatuses, the light-emission spectrum 1s gen-
erally viewed by means of a computer which scans through
the data 1ssued by an optical spectrometer. Software associ-
ated with the spectrometer usually makes it possible to act on
the integration time of the signal coming from the spectrom-
cter, and thus on the intensity of the spectrum. The software
may also act on the number of spectra to be averaged prior to
display, thus making 1t possible to reduce noise. The software
then allows the instantaneous light-emission spectrum to be
viewed, and allows the vaniation in the amplitude of certain
lines to be tracked, 1n order to deduce changes 1n the presence
of a gas. The amplitude of a line at a defined wavelength
generally makes 1t possible, when the gas 1s on its own, to
track variation 1n the quantity of said gas that 1s present. The
soltware also makes 1t possible to perform a certain number of
mathematical operations such as subtracting spectra.

The light spectra of a gas mixture 1s generally constituted
by the combination of the lines 1n the spectra that are specific
to the various gaseous species present 1 the mixture.

It1s sometimes possible, from the amplitudes of the lines of
cach specific spectrum, to deduce a measurement for the
concentration of the corresponding gaseous species present 1n
the mixture.

Measuring the concentrations of gaseous species 1n a mix-
ture 1s quite easy and reliable when the gaseous species being,
sought out are easy to excite in the plasma. Such gaseous
species that are easily excitable produce a light-emission
spectrum having lines that can easily be seen and measured.

However, such a measurement of concentration becomes
much more difficult for gaseous species that are more difficult
to excite, particularly when those species are minority gas-
cous species, 1.¢. present 1n the mixture at a minority propor-
tion only. Measuring the concentration of such poorly excit-
able or minority gaseous species 1n a mixture 1s possible at
present only with measurement devices that are expensive,
bulky, and difficult to operate, such as a mass spectrometer or
a Fourrier transform infrared spectrometer (FTIR). For
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example, 1t 1s necessary to use such devices i order to mea-
sure traces of moisture 1n a vacuum 1n gas mixtures leaving a
vacuum chamber 1n the semiconductor industry. Moisture 1s
then present at a concentration of only a few thousands of
parts per million (ppm). The cost of such measurements
makes them economically unsuitable for use, particularly in
methods of fabricating semiconductors.

The use of simpler spectroscopic measurement devices has
not been envisaged for tracking traces ol moisture. The difi-
culty comes in particular from the fact that the excitation of a
gas 1n a plasma can vary strongly depending on the nature of
the gas, and depending on whether the gas 1s alone or present
in a gas mixture with other species.

For example, when considering moisture, the lines charac-
teristic of the moisture to be observed (which moisture 1s
present in only small quantity 1in the mixture) are poorly
detectable or undetectable in the spectrum of the species that
1s present in a majority quantity, if it happens that that species
1s more easily excitable, as 1s the case for nitrogen. Tracking
the lines characteristic of moisture, e.g. the hydrogen lines
Ha, Hi3, and Hy, the oxygen line at about 777.3 nanometers
(nm), and the OH line at about 306.8 nm, for example, 1s
practically impossible in a gas mixture where other gases,
such as nitrogen, are more easily excitable and take all of the
available energy.

That 1s why gaseous species that are in a minority and/or
that are difficult to excite, such as moisture, and that are
present in the gas mixtures of flows extracted from vacuum
chambers in the semiconductor industry have not, as a general
rule, been detected 1n the past by conventional methods of
light-emission spectroscopy.

SUMMARY OF THE INVENTION

The problem posed by the present invention 1s to avoid the
drawbacks of prior art systems, 1n particular by making 1t
possible in a manner that 1s reliable, fast, and mnexpensive, to
obtain an 1ndication concerning the value of and the variation
in the concentration of gaseous species that are 1n a minority
and/or that are difficult to excite 1n a gas mixture under mnves-
tigation, without having recourse to devices that are expen-
stve, bulky, and difficult to operate.

The invention thus seeks to make 1t possible to track appro-
priately the presence of a species 1n a gas or a gas mixture by
a conventional method of light-emission spectroscopy.

The invention applies in particular to tracking the compo-
sition of gas mixtures 1n vacuum chambers in the semicon-
ductor industry, e.g. in process chambers, or in waler transier
chambers.

The essential 1dea of the mvention for this purpose is to
seck out and use the influence that gaseous species that are 1n
a minority and/or that are poorly excitable can have in a
mixture on the spectrum lines that are characteristic of spe-
cies that are 1n a majority and/or that are more easily excited
in the mixture.

By doing this, the mvention thus seeks to develop an 1ndi-
rect method of measuring the presence and the concentration
ol gaseous species that are difficult to excite, such as mois-
ture.

The invention thus makes use of the observation whereby
at least some of the characteristic lines of a gaseous species
that 1s 1n a majority and/or that 1s easily excited, such as
nitrogen, have amplitudes that vary as a function of the spe-
cies that are 1n a minority and/or that are difficult to excite in
the mixture, such as moisture.

It 1s therefore possible to track variation 1n species that are
difficult to excite by light-emission spectroscopy, by analyz-
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ing the behavior of the amplitude of lines that are character-
1stic of a majority gaseous species, which are themselves
sensitive to the presence of gases that are poorly excitable.

To achieve these objects and others, the invention thus
provides a method of using light-emission spectroscopy to
detect at least one gaseous species that 1s in a minority and/or
difficult to excite in a mixture with at least one gaseous
species that 1s 1n a majority and/or more easily excitable, 1n
which a plasma 1s used 1n the gas mixture for analysis, and the
original optical spectrum of the radiation emitted by the
plasma 1s measured for subsequent comparison between the
emitted spectrum and a library of known spectra, the method
comprising a detection step that makes use, 1in the original
spectrum, of one or more lines that are characteristic of the
gaseous species 1 a majority and/or that 1s easily excitable,
said line(s) being of amplitude that 1s sensitive to the presence
of the species that 1s 1n a minority and/or that 1s difficult to
excite, and information 1s deduced from the amplitude of said
line(s) concerning the concentration of the gaseous species
that 1s 1n a minority and/or that 1s difficult to excite.

The method may include a prior step of observing varia-
tions 1n the amplitudes of characteristic lines of the gaseous
species that 1s 1n a majority and/or that 1s easy to excite as a
function of vanations in the concentration of the gaseous
species that 1s in a minority and/or that 1s difficult to excite. To
do this, 1n a flow that 1s preferably at constant pressure and
that contains a gaseous species that 1s 1n a majority and/or
casily excitable, varying quantities of a gaseous species that 1s
in a minority and/or difficult to excite are introduced and the
variations in the amplitudes of lines characteristic of the
gaseous species that 1s 1in a majority and/or that i1s easily
excitable are measured.

The prior observation step may advantageously be fol-
lowed by a step of establishing a specific spectrum during
which use 1s made, in the spectrum characteristic of the gas-
cous species that 1s 1n a majority and/or that 1s easily excit-
able, of sensitive lines, 1.¢. lines that present variations 1n
amplitude as a function of variations 1n the concentration of
the gaseous species that 1s 1n a minority and/or that 1s difficult
to excite that are greater than a determined threshold.

It 1s these sensitive lines taken from the specific spectrum
that are subsequently measured 1n amplitude, 1n order possi-
bly to perform a sum, or an average, or any other mathemati-
cal treatment, that serves to improve the reliability or the
sensitivity of the measurement. The result constitutes an
image of the concentration of the gaseous species present 1n
the mixture that 1s 1n a minority and/or that 1s difficult to
excite.

Preferably, during a prior step, a calibration function 1s
established and stored representing variation in the amplitude
of the or each sensitive line as a function of the concentration
of the gaseous species that 1s 1n a minority and/or that is
difficult to excite.

The prior observation and detection steps are preferably
performed using a total pressure for the gas mixture under
observation that remains constant. This avoids errors that
might result from any influence of pressure variations on the
amplitudes of the lines.

If the method of the mvention 1s to be implemented for
measuring a gaseous species that 1s 1n a minority 1n a mixture
whose pressure 1s likely to vary, 1t can be necessary to correct
the measured amplitudes of the lines as a function of gas
pressure. In a first implementation, lines are 1identified 1n the
spectrum characteristic of the gaseous species that 1s 1n a
majority and/or that 1s easily excitable, which lines have a
combination, such as the average, that 1s insensitive to varia-
tions 1n the pressure of the mixture.
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Alternatively, pressure calibration curves are established
and are subsequently used for correcting the amplitude values
of the lines as a function of pressure in order to deduce
therefrom the quantity of a minority species that 1s actually
present.

Preferably, the method includes a prior step of establishing,
a library of specific spectra containing at least one specific
spectrum for each monitored gaseous species that 1s 1n a
majority and/or that 1s easily excitable, said specific spectrum
being obtained by spectral analysis of the gaseous species that
1s 1n a majority and/or that 1s easily excitable using the same
measurement system as that which 1s to be used to implement
the method, and said library 1s used for subsequent compari-
son with the spectrum of the mixture.

To do this, during the prior step, a gas tlow contaiming the
pure gas to be analyzed 1s caused to pass through the light
spectrometer apparatus that 1s to be used, and the correspond-
ing spectrum 1s stored. The energy distribution of the lines
that are characteristic for a given gaseous species can change
with the power of the source and with pressure. The library of
spectra will thus serve as a database that 1s specific to the
equipment being used.

I necessary, the library of spectra also stores calibration
curves relating to the relationship between the amplitudes of
the lines and gas pressure.

The method may advantageously be applied to detecting
water vapor as the gaseous species 1in the mixture thati1s in a
minority and/or difficult to excite.

The gaseous species that 1s 1n a majority and/or easy to
excite may advantageously be mitrogen.

Nevertheless, the invention also applies to gaseous species
that are 1n a minority and/or that are difficult to excite other
than water vapor, and it 1s possible to use the lines character-
1stic of a gaseous species that 1s 1n a majority and/or that 1s
casy to excite other than nitrogen.

In another aspect, the mvention provides apparatus for
implementing such a method of detecting gaseous species
that are 1n a minority and/or that are difficult to excite, the
apparatus comprising a plasma source lor generating a
plasma 1n the gas mixture under study, means for picking up
and transmitting to an optical spectrometer the radiation emat-
ted by the plasma, and a computer for analyzing the signals
emitted by the optical spectrometer, the computer comprising
a central unit and a program recorded 1n a program zone of a
memory, said program comprising the sequence of instruc-
tions for implementing said method.

The plasma source may be either an external source such as
the plasma source of a process chamber, or else a source
integrated 1n the apparatus.

In an advantageous embodiment, the memory of the com-
puter contains a library zone containing prerecorded specific
optical spectra of gaseous species for analysis that are in a
majority and/or easily excited, and a calibration function
representing the variations 1n the amplitudes of sensitive lines
as a function of the concentrations of gaseous species that are
in a minority and/or that are difficult to excite.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, characteristics, and advantages of the
present mvention appear from the following description of
particular embodiments, given with reference to the accom-
panying figures, 1n which:

FIG. 1 1s a diagram of a practical embodiment of apparatus
of the present invention for detecting minority gaseous spe-
Cles;
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FIG. 2 1s a light-emission spectrum of the kind that can be
obtained from a light-emission spectrometer while analyzing
a gas mixture, and taken by way of example;

FIG. 3 shows variations in the intensities of certain spec-
trum lines as a function of pressure;

FIGS. 4 and 5 show variations 1n the intensities of certain
spectral regions following disturbances i pressure or in
moisture; and

FIG. 6 15 a curve for calibrating the intensity of a line as a
function of pressure.

DETAILED DESCRIPTION OF THE INVENTION

In the embodiment shown in FIG. 1, the apparatus for
detecting gaseous species 1n accordance with the invention 1s
associated with equipment in which there flows a gas mixture
for analysis. An example of such equipment comprises a
vacuum chamber 1 which could be constituted 1n non-limait-
ing manner by a process chamber or a transfer chamber as
used 1n the fabrication of semiconductors, or of micro-elec-
tromechanical systems (MEMS). However, the apparatus can
also be applied to any other equipment 1n which it 1s desired
to analyze a gas mixture.

In FIG. 1, the gas mixtures leave the vacuum chamber 1 via
a vacuum pipe 2.

In the vacuum pipe 2, or 1n a branch excitation enclosure 3,
or indeed 1n the vacuum chamber 1, there 1s a zone 1n which
the gas mixture 1s excited to form a plasma 4. By way of
example, 1n the branch excitation enclosure 3, a plasma 4 1s
made by electromagnetic excitation by means of an exciter
antenna 3 powered by a power generator 6. Examples consist
in using a microwave generator, an inductively coupled
plasma (ICP) type radio frequency (RF) generator, or any
other suitable generator.

The light radiation emitted by the plasma 4 1s picked up and
transmitted to an optical spectrometer 8. Transmission may
be performed by an optical fiber 7 or via a suitable connector,
or via any other light transmission means.

In known manner, the optical spectrometer 8 generates
signals that constitute an 1image of the detected light spec-
trum, and sends them over a line 9 to a computer 10.

The computer 10, which 1s shown diagrammatically, com-
prises a central unit 11 connected to mput/output means 12
such as a keyboard, connected to display means 13 such as a
screen, and connected to a memory 14.

The memory 14 contains a program zone 14a having pro-
grams recorded therein.

The memory 14 also contains a library zone 144 suitable
for containing reference data, 1n particular known light spec-
tra for pure gaseous species, and the calibration function.

The memory 14 contains a measurement memory zone 14¢
in which there can be recorded the data corresponding to raw
light spectra received from the optical spectrometer 8.

The memory 14 contains a results memory zone 144 suit-
able for containing amplitude data concerning sensitive lines
and concentrations of gaseous species.

The program zone 14a contains, 1n particular, a program
for spectrum processing using the method of the invention.

Reference 1s made below to the light spectrum shown in
FIG. 2 by way of example. It comprises a curve of light
intensity plotted up the ordinate as a function of wavelength
plotted along the abscissa. It can be seen that this curve, e.g.
corresponding to a given gas mixture 1n which nitrogen con-
stitutes a majority species, has a large number of peaks or
“lines”, 1.e. zones that form maxima, and the same number of
zones that corresponds to minima.
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In the mixture spectrum shown 1n FIG. 2, there can be seen
for example, peaks or lines A, B,C, D, E,F, G,H, 1, ], and K
and minima such as X orY.

By way of example, 1t 1s assumed that the lines B, C, D, F,
G, J, and K are characteristic of the usual light-emission
spectrum of a majority gaseous species of the mixture, e.g.
nitrogen.

In the mixture, there 1s also a gaseous species that 1s 1n a
minority and/or that 1s difficult to excite, such as moisture,
and its lines are not clearly apparent in the spectrum of FIG.
2.

The method of the invention enables the concentration of
moisture 1n the mixture to be characterized by analyzing lines
that are characteristic of a majority gaseous species, 1.€. by
analyzing the lines B, C, D, F, G, I, and K.

To do this, a search 1s made amongst the lines B, C, D, F, G,
I, and K for the or each line characteristic of nitrogen that 1s
of an amplitude that 1s sensitive to the presence of a minority
species 1n the mixture. Thus, with the apparatus of FIG. 1, a
prior step 1s performed of observing variations 1n the ampli-
tudes of the characteristic lines B, C, D, F, G, J, and K as a
function of vaniations in the concentration of a minority gas-
cous species. In practice, a plurality of light-emission spec-
trometry measurements are performed on mixtures present in
the vacuum pipe 2, while forcing the concentration of a
minority gaseous species to vary. It 1s then found that certain
lines that are characteristic of nitrogen present amplitudes
that vary, whereas other lines present amplitudes that remain
practically constant.

By way of example, it 1s assumed that amplitude variation
1s observed for lines B, C, F, and J, while lines D, GG, and K
remain insensitive.

Consequently, 1t 1s possible from the amplitudes of all or
some of the lines B, C, F, and J 1n the FIG. 2 mixture spectrum
to deduce information concerning the concentration of a
minority gaseous species, even if the lines that are character-
1stic of a minority gaseous species are not themselves visible
in the spectrum.

Thus, at the end of the prior observation step, a specific
spectrum 1s established and recorded in the library memory
zone 145, which specific spectrum comprises only those
spectrum lines characteristic ol a majority gaseous species
that are also sensitive to the presence of a minority gaseous
species, 1.e. lines that present variations 1 amplitude as a
function of variation in the concentration of a minority gas-
cous species, where such variation 1s greater than a deter-
mined threshold so as to give satisfactory sensitivity to the
measurement method of the mvention.

Preferably, during the prior step of observing variations in
amplitude, a calibration function 1s established and recorded,
which function 1s representative of the amplitude variation of
the sensitive line(s) as a function of the concentration of a
minority gaseous species.

For example, this calibration function can be a table con-
taining the amplitude values for the lines B, C, F, and I,
together with the corresponding values for the concentration
of a minority gaseous species that has been voluntarily
injected into the vacuum pipe 2 during the prior step of
observing variations in amplitude.

In the mvention, it 1s important to perform the prior step of
observing variations in amplitude using the apparatus such as
that shown 1n FIG. 1 that will subsequently be used for per-
forming the measurements of the concentrations of minority
gaseous species.

The emission of characteristic lines 1 the spectrum
depends on various parameters of the apparatus, and 1n par-
ticular on the power of plasma generation, on geometrical
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characteristics of the apparatus, and on the sensitivity of the
optical spectrometer. By using the same measurement condi-
tions, the same characteristic lines of the spectrum are gen-
erated.

A prior step 1s performed of setting up a library of specific
spectra contaiming at least one specific spectrum for each
majority gaseous species to be monitored. This specific spec-
trum 1s obtained by analyzing the spectrum of a majority
gaseous species using the same measurement system that 1s to
be used for implementing the method, and said library 1s
subsequently used for comparison with the spectrum of the
mixture.

By way of example, the software can base measuring con-
centration either on measuring the intensity of one of the
characteristic lines B, C, E, and J, or on the mean emission
intensity of the four sensitive lines B, C, F, and I, or on the sum
of the intensities, or on the result of any other suitable math-
ematical treatment performed on the intensities of the lines. It
1s then possible to display variation in a minority gaseous
species as represented by variation 1n the mean or the total
intensity of the sensitive lines B, C, F, and J.

Variation 1n all or some of the sensitive characteristic lines
B, C, F, and J can be tracked quickly, thus making it possible
to monitor the concentration of a minority gaseous species in
real time.

Amongst the lines B, C, F, and ] of a majority gaseous
species that are sensitive to the presence of a minority gaseous
species, 1t 1s generally found that some of the lines such as the
lines B, C, and F are also sensitive to the pressure of the gas 1n
which inspection 1s being performed, whereas other lines of a
majority gaseous species, such as the line J, can be insensitive
to pressure, at least 1n certain pressure ranges.

Likewise, some of the lines may be sensitive to pressure in
a manner that 1s monotonic, 1.e., for example, increasing over
the entire zone of variation, whereas other lines may present
variation that 1s not monotonic.

These phenomena are shown in FIG. 3. This figure shows
the variation 1n the intensity of certain sensitive characteristic
lines of a majority species as a function of the pressure of the
gas mixture. The line B varies monotonically, increasing con-
tinuously with increasing pressure. The same applies to the
line C, but with variation that 1s somewhat slower. The line D
also varies by increasing continuously, and 1ts rate of increase
1s even faster, however it 1s not used since 1t 1s not sensitive to
the presence of a minority species. The line F 1s of intensity
that increases strongly in the low pressure zone, aiter which it
reaches a maximum and subsequently falls off progressively
with 1ncreasing pressure. The line J follows a curve that 1s
similar but flatter, nising less quickly followed by a peak and
falling off slowly and almost imperceptibly.

For example, 1t can be assumed that 1n the pressure range
20 millitorr (mTorr) to 100 mTorr, the line J 1s practically
isensitive to pressure. It would thus be possible to take the
line J on 1ts own 1nto consideration in order to deduce there-
from a good evaluation of the quantity of a minority species
present 1n the mixture, independently of the pressure of the
mixture.

However, the quantity of a minority species in the mixture
can be evaluated using any of the sensitive lines B, C, and F
providing the pressure of the gas mixture 1s also known simul-
taneously.

For this purpose, 1t 1s possible 1 the mnvention to make use
of a spectrum line, where such a line exists, that 1s sensitive to
pressure i monotonic manner like the lines B and C, and that
1s simultaneously insensitive to the presence of a minority
species. This applies, for example, to the line D which varies
monotonically as a function of pressure, as shown 1n FIG. 3,
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but which 1s not found to be sensitive to the presence of a
minority species. By considering the amplitude of the line D,
it 1s therefore possible to deduce the pressure of the mixture.
Thereatter, knowing the pressure, the quantity of a minority
species can be deduced from the amplitudes of the other lines
B, C, F, and J which are sensitive to the presence of a minority
SpecIes.

For certain majority species 1n the presence of certain
minority species, it can happen that there 1s no line that 1s
insensitive to pressure and simultaneously there 1s no line that
1s 1nsensitive to the presence of a minority species. Under
such circumstances, the effect of pressure variations can be
compensated by seeking lines that are simultaneously less
sensitive to pressure variations and sensitive to the presence
of minority species, by combining the amplitudes of such
lines so as to determine an average that does not vary percep-
tibly as a function of pressure. Such processing thus makes 1t
possible to obtain a signal that 1s sensitive to moisture without
being sensitive to pressure. The intensities of the lines that
vary positively relative to pressure compensate for any varia-
tions 1n the intensities of lines that vary negatively relative to
pressure, so as to obtain a signal that does not vary with
variations in pressure. Such a signal depends solely on the
quantity of a minority species, and 1t 1s thus possible to
deduce a good evaluation for the quantity of a minority spe-
cies in the mixture. For example, m FIG. 3, 1t 1s possible to
combine lines B and F of nitrogen over the pressure range
extending from 20 m'Torr to 100 mTorr.

In practice, 1t 1s generally possible to consider regions of a
majority species spectrum that are sensitive to the presence of
a minority species, and regions of the spectrum that are sen-
sitive to pressure.

For example, 1n the spectrum of nitrogen, the region of the
spectrum extending from 718 nm to 728 nm 1s sensitive to
pressure, as can be seen 1n FIG. 4: during an initial time
period, extending from O to 13500 arbitrary time units, the gas
pressure of the mixture was caused to vary, and the mean of
the mtensities of the regions under consideration in the spec-
trum remained substantially constant. In a second time period
extending from 1500 to 6500 arbitrary time units, moisture
content was caused to vary, and the intensity curve varied
accordingly.

When considering the region of the spectrum extending
from 773 nmto 781 nm, the curve shown in FIG. 51s obtained,
likewise for vanation in pressure followed by variation 1n
moisture. This curve shows that this region of the nitrogen
spectrum 1s sensitive to pressure and practically mnsensitive to
the presence ol moisture.

Another way of correcting the influence of pressure on
measuring the quantity of a minority gaseous species 1S
shown 1 FIG. 6. This involves establishing a calibration
curve relative to pressure by determining, during prior test-
ing, how the amplitude of one or more lines varies as a
function of pressure around the mean pressure that 1s gener-
ally to be found 1n the mixture while 1t 1s being measured. In
the example of FIG. 6, amplitude has been calibrated as a
function of pressure about a mean pressure of about 90 mTorr.
Thereatter, by knowing the pressure as given by some other
sensor or by some other means of evaluating pressure, it 1s
possible to correct the measured line amplitude(s) using the
values given by the calibration curve, and then to deduce the
exact value of the quantity of a minority species that corre-
sponds to the correct amplitude value.

Tracking can be applied to a plurality of species of equip-
ment 1n parallel that operate 1n similar manner, and compari-
sons can be performed 1n order to detect possible faults on any
piece of equipment.
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To do this, a reference 1s 1nitially established for each piece
of equipment. The signatures as obtained in this way then
enable different species of equipment to be compared, and
thus to determine whether a parameter of any one piece of
equipment has changed.

This method can be particularly usetul after action has
been taken on a piece of equipment, €.g. when it has been put
back into production. Data relating to a minority gaseous
species can also be associated with other data coming from
the equipment. The purpose 1s to obtain a population of ref-
erence data for that piece of equipment.

Thereafter, by monitoring the equipment 1n real time 1t 1s
possible to detect faults by statistical processing. The origin
of a fault can then be interpreted as a function of previously-
identified signatures of faults that have already occurred.

The advantage of the invention then lies 1n providing infor-
mation about what 1s actually occurring inside a piece of
equipment, €.g. mside a process chamber, using means that
are fast and mnexpensive. It 1s then possible to refine the
signature of the equipment using the new data 1n situ.

In practice, the invention can have multiple applications.
In a first example, 1t 1s possible to momtor the normal
operating state of a piece of equipment through which the
analyzed gas mixture 1s flowing, e.g. the state of the vacuum
chamber 1. For this purpose, a minority gaseous species 1S
selected that 1s representative of this normal operating state of
the equipment 1. Variation in said selected minority gaseous
species 1s then monitored 1n real time, with said variation
being compared with reference variation data, and a warning
or a control signal 1s generated when the data diverges from
the reference data.

One application of this example lies 1n monitoring the
leakage properties of the equipment 1. Concerning inward
leaks from the outside atmosphere, the presence of traces of
moisture can be sought 1in the equipment 1, together with
variations thereot, or more generally a search can be made for
the presence of and any variation in that presence of any
minority species that 1s representative of a leak, 1.e. that ought
not to be present in the equipment 1 but that 1s present outside
it. This presence of moisture mside the equipment 1 then
proves that a leak 1s present. The method of the invention
provides great sensitivity in monitoring for such leaks, but it
1s 1nexpensive to implement.

Preferably, in the search for leaks, 1t 1s advantageous to
compare the variation 1n time of traces of moisture, or any
other minority species representative of leaks mnto the equip-
ment 1, with the sequence of functional events 1n the equip-
ment 1, i order to deduce the origins of variations in said
variation of traces of moisture or any other minority species
representative of leaks. For example, a sudden increase 1n the
presence of moisture may be 1dentified as being simultaneous
with the opening of a door 1n the equipment, from which it can
be deduced that the moisture came 1n not via a leak but by
being put into communication with a moist atmosphere
through the door. This phenomenon 1s shown by way of
example in FIG. 4 where there can be seen a sudden increase
in moisture starting from time unit 1500.

In practice, 1n apparatus for detecting minority gaseous
species 1 accordance with the mvention, when associated
with equipment 1 1mto which leaks are to be detected, means
are provided to synchronize the detection of a minority gas-
cous species representative of a leak with the operating events
of the equipment 1 being monitored. These means for syn-
chronizing detection can comprise the central unit 11 associ-
ated with a suitable subprogram, for example for displaying
synchronously the variation 1n time of a minority species, €.g.
as shown 1 FIG. 4, with operating events of the equipment 1
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such as doors being opened, gases being injected, valves
being opened or closed, and wafers being inserted or
extracted.

An example of a particularly important application of the
method of the invention lies 1n controlling watfer transier
chambers. Such control 1s made possible and 1mnexpensive by
the method of the invention and consists 1n monitoring varia-
tion 1n traces of moisture 1n a water transfer chamber. This
makes 1t possible to detect problems that can involve the
content of the transfer chamber, 1.e. semiconductor waters,
betore such walers enter a new process chamber. This makes
it possible to detect free or post-process contamination, 1f any,
which contamination might significantly reduce the produc-
tion yield and the performance of the equipment.

In a second example, the method of the invention 1s applied
to detecting deviation 1n a process implemented 1n the equip-
ment. To do this, a minority gaseous species 1s selected that 1s
representative of the state of progress of the process using the
gas mixture under analysis; the variation 1n said selected
minority gaseous species 1s momtored 1n real time and said
variation 1s compared with reference data for variation of the
process, with a warning or control signal being generated in
the event of a divergence away from the reference variation
data for the process.

In another example, the measurement method of the inven-
tion 1s applied to momitoring the effectiveness with which an
enclosure has been purged by purge gas. To do this, a minority
gaseous species 1s selected that 1s representative of the state of
progress of said purge by means of the purge gas, and a
minority species 1s detected; variation in the content of said
selected minority gaseous species 1s monitored 1n real time
and said variation 1s compared with reference data for varia-
tion during purging, with a warning or control signal being
generated when variation in the purge data reaches a state
indicative of the end of purging, for example when a given
threshold 1s reached that corresponds to the end of purging.
By way of example, the purging of a chamber by means of
nitrogen can be monitored, where the chamber previously
contained chlorine. It 1s then possible to monitor the presence
and the variation 1n the presence of chlorine, a minority spe-
cies, 1n nitrogen which constitutes a majority species during
purging.

In another example, the method of the invention for detect-
ing minority gaseous species 1s applied to detecting the end of
chamber reconditioning. Under such circumstances, a minor-
ity gaseous species 1s selected that 1s representative of the end
of reconditioning a chamber that 1s being reconditioned;
variation in the quantity of said selected minority gaseous
species 1n said chamber that 1s being reconditioned 1s then
monitored 1n real time, said variation 1s compared with ref-
erence data for vanation during reconditioning of the cham-
ber, e.g. by being compared with a given threshold, and a
warning or control signal 1s generated when the data for said
selected minority gaseous species reaches a state indicative of
the end of chamber reconditioning, for example when a pre-
determined threshold 1s reached.

The present invention 1s not limited to the embodiments
described explicitly above, but includes the various variants
and generalizations that are within the competence of the
person skilled in the art.

What 1s claimed 1s:

1. A method of using light-emission spectroscopy to detect
at least one gaseous species that 1s in a minority and/or diffi-
cult to excite in a mixture with at least one gaseous species
that 1s 1n a majority and/or more easily excitable, 1n which a
plasma 1s used 1n the gas mixture for analysis, and an original
optical spectrum of the radiation emitted by the plasma 1s
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measured for subsequent comparison between the emitted
spectrum and a library of known spectra, the method com-
prising a detection step that makes use, 1n the original spec-
trum, of one or more lines that are characteristic of the gas-
cous species 1 a majority and/or that 1s easily excitable, said
line(s) being of amplitude that 1s sensitive to the presence of
the species that 1s in a minority and/or that 1s difficult to excite,
and information 1s deduced from the amplitude of said line(s)
concerning the concentration of the gaseous species that 1s 1n
a minority and/or that 1s difficult to excite, wherein said
method further comprising displaying said information.

2. A method according to claim 1, including prior to detect-
ing the at least one gaseous species, observing variations 1n
the amplitudes of characteristic lines of the gaseous species
that 1s 1n a majority and/or that 1s easy to excite as a function
of variations 1n the concentration of the gaseous species that
1s 1n a minority and/or that 1s difficult to excite.

3. A method according to claim 2, 1n which the observing
step 1s Tollowed by a step of establishing a specific spectrum
during which use 1s made, in the spectrum characteristic of
the gaseous species that 1s 1n a majority and/or that 1s easily
excitable, of sensitive lines that present variations 1 ampli-
tude as a function of variations in the concentration of the
gaseous species that 1s 1n a minority and/or that 1s difficult to
excite that are greater than a determined threshold.

4. A method according to claim 3, in which the observing
and detection steps are performed at a total pressure that 1s
constant.

5. A method according to claim 1, 1n which, a calibration
function 1s established and stored representing variation in the
amplitude of at least one sensitive line as a function of the
concentration of the gaseous species that 1s 1n a minority
and/or that 1s difficult to excite prior to the detecting.

6. A method according to claim 1, 1n which lines are 1den-
tified 1n the spectrum characteristic of the gaseous species that
1s 1n a majority and/or that 1s easily excitable, which lines
have a combination, such as the average, that 1s insensitive to
variations in the pressure of the mixture.

7. A method according to claim 1, 1n which pressure cali-
bration curves are established and are subsequently used for
correcting the amplitude values of the lines as a function of
pressure 1n order to deduce therefrom the quantity of a minor-
ity species that 1s actually present.

8. A method according to claim 1, including establishing a
library of specific spectra containing at least one specific
spectrum for each momtored gaseous species that 1s 1n a
majority and/or that 1s easily excitable prior to said detecting,
said specific spectrum being obtained by spectral analysis of
the gaseous species that 1s 1n a majority and/or that 1s easily
excitable using the same measurement system as that which is
to be used to implement the method, and said library 1s used
for subsequent comparison with the spectrum of the mixture.

9. A method according to claim 1, applied to detecting
water vapor as the gaseous species that 1s in a minority and/or
that 1s difficult to excite 1n a mixture.

10. A method according to claim 9, 1n which the gaseous
species that 1s 1n a majority and/or that 1s easy to excite 1s
nitrogen.

11. A method according to claim 1, in which the at least one
minority gaseous species 1s selected that 1s representative of
the normal operating state ol a piece of equipment through
which there tlows the gas mixture under analysis, variation in
said selected minority gaseous species 1s monitored 1n real
time, said variation 1s compared with reference variation data,
and a warning or control signal 1s generated 1n the event of a
departure from the reference variation data.
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12. A method according to claim 11, 1n which any leaks
from the equipment are monitored by monitoring the pres-
ence and the variation of traces of moisture or any other
minority species representative of leaks that ought not to be
present 1n the equipment but that 1s present outside the equip-
ment.

13. A method according to claim 12, applied to monitoring
waler transfer chambers.

14. A method according to claim 12, 1n which variation
over time 1n traces of moisture or other minority species
representative of leaks in the equipment 1s compared with the
sequence of operating events of the equipment 1n order to
deduce the origin of changes in said variation.

15. A method according to claim 1, in which a minority
gaseous species 1s selected that 1s representative of the state of
progress ol a process implementing the gas mixture under
analysis, variation in said selected minority gaseous species 1s
monitored 1n real time, said variation 1s compared with ref-
erence variation data for the process, and a warning or control
signal 1s generated 1n the event of departure from the refer-
ence variation data for the process.

16. A method according to claim 1, 1n which a minority
gaseous species 15 selected representative of the state of
progress 1n purging an enclosure with purge gas, and a minor-
ity species 1s detected, variation in said selected minority
species over time 1s monitored, said varnation 1s compared
with reference variation data for purging, and a warning or
control signal 1s generated when the purged vanation data
reaches a state indicative of the end of purging.

17. A method according to claim 16, 1n which the presence
and variation of chlorine 1s monitored in the enclosure during
purging with nitrogen.

18. A method according to claim 1, 1n which a minority
gaseous species 15 selected that 1s representative of the recon-
ditioning state of a chamber being reconditioned, the varia-
tion 1n said selected minority gaseous species 1n said chamber
being reconditioned 1s monitored in real time, said variation1s
compared with reference variation data for chamber recondi-
tioning, and a warning or control signal 1s generated when the
data for said selected minority gaseous species reaches a state
indicative of the end of chamber reconditioning.

19. Apparatus for implementing a method of detecting
gaseous species that are 1n a minority and/or that are ditficult
to excite according to claim 1, the apparatus comprising a
plasma source for generating a plasma in the gas mixture
under study, means for picking up and transmitting to an
optical spectrometer the radiation emitted by the plasma, and
a computer for analyzing the signals emitted by the optical
spectrometer, the computer comprising a central processing
unit and a program recorded 1n a program zone of a memory,
said program comprising the sequence of instructions for
implementing said method.

20. Apparatus according to claim 19, in which the memory
of the computer contains a library zone containing prere-
corded specific optical spectra of gaseous species for analysis
that are 1n a majority and/or easily excited, and a calibration
function representing the vanations in the amplitudes of sen-
sitive lines as a function of the concentrations of gaseous
species that are 1n a minority and/or that are difficult to excite.

21. Apparatus according to claim 19, associated with
equipment 1n which leaks are to be detected, the apparatus
including means for synchronizing detection of a minority
gaseous species representative of leaks with operating events
of the equipment.
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